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EFFECTSOFSURTACEF~SH, OF CERTAINDEFECTS,ANDOFREPAIR
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S~ING ON‘TEKKELEPIKPERKIXs

BYF. M. Howell,G.W. Stlckley,and“J.0.Lyst

SUMMARY

Testsweremadetoevaluatetheeffectsofvarioussurfaceconditims,
of certaindefects,endofrepairofsomeofthesedefectsbyweldingm
thefatiguestrengthofanaluminumsand-c-ast alloy.Thesurfacesstuclled
includedas-cast,machined,grit-blasted,andshot-blastedsurfs-as.Ths
unsoundconditionsincludeddifferentdegreesofporosityandotherkinds
ofdefectSOBtirespresentin castingswhichmightaffecttheirfatigue
Strength.Fatiguetestsweremadeof355-T6sand-castplate-typespeci-
menssubjectedtodirectstressfromzerotoa msxhmmvaluein tension,
andtensiletestsofthosespecinwnsthatdidnotfailinfatiguewereelso
made.

.
Theresultsshowedthatthecompositionsandtensilepropertiesof

thecastingscomplyingeneralwiththereqalrementsofA.S.T.M. sndgo’Tern-
mmt SE cifications.

●
Thefatiguestrengthof thenormallysoundcastin&

withas-castsurfaces,basedon 25,000,0McYclesOf stress,wasfo’~ ~
be about70percentofthefatiguestrengthdeterminedbyusingsmell
polishedroundapecimmstestedindirectstress.Surfacetreatints,
suchas shot-blastingorgrit-blasting,increasedthefatiguestrengthsat
25,000,000cyclesalout35percent.Theamountofporosityinthersnge
from0.8to 2.4 percenthadno effectonfatiguestrengthof castingstested
withthesurfacesas-cast.Whenthes~aces weremachined,thecastin&
withthelargeramountofporosityhadsomewhatlowerfatiguestrength,
theclifferenceat 25,000,000cyclesbeingshout15percent.Sandholes
decreasedthefatiguestrengthandweremoreharmful.whenlooatedat the
edgethsmwhenlocatednearthecenterof thespecimen.Thefatigue
resistsnceof castingshavingdefectsmayk improvedorcompletelyrestored
byweldingandreheattreating.Theamountofimprovementdependedupcm
thesizeandcharacterof thedefectsand.thequalityof thewelds.Dro=
inclusions,whenpresenteitherinmassiveformorribbon-shaped,~re more

. harmfulwhenat theedgeof thespecimenthanwhenat thecenter.Ri?Ibcn-
shapeddrossinclusionswerehatiulwhentheyextendedin thetransverse

—

directionbuthadno effectwhenparalleltothedirectionofloading..
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Intentionaldefects,representedby alumhumstripstisertedonedgein
themoldsbeforecasting,whenorientedtransverselyloweredthefatigue
strengthslightlybutwhenorientedlongitudinallyhadlittleorno
harmfuleffect.

ThetensilepropertiesofthespecinEnspreviouslysubJectedtofatigue
stressingwithout failurehadnotbeenharmmdly thefatiguestressi~
Thetensilestrengthsendelongationsof theplate-typespecimenswith~
castsurfaces,hcludlngnot onlythesoundcaetingsbutalsothosewith
differentdegreesofporosity,agreedcloselywiththepropertiesofthe
separatelycasttestbars. Theyieldstrengthsoftheplate-Qpespecim-
ens generallywereslightlyhigher.Grit=blastingthesurfacesof the
plate-@pespeoimmshadno harmfuleffecton thetensfleproperties.
Shot-blastingloweredthetensilestrengthabout9 percentbutIncreased
theyieldstrengthslightly.Thespecimenscontainingweldshad.tensile
strengthsabout4 percentlessthanthesoundspecimenswithoutwelds.

r.

INTRODUCTION“

TheobJectofthisinvestigationof355-T6sand-cast alloy wasto
determine:(1)Itsfatiguecharacteristicsunderrepeatedtensilestresses
rangingfromzerotoa maximumvalueby usingspecimensofrelatively
largesizeand(2)theeffectsofpriorfatiguestressinguponthetensile
propertiesof thealloy.TheinvestigationIncludedteststodetermine
theeffectsofvarioussurfacefinishes,includinggrit-blastedendsho~
K1.astedsurfaces;ofvarioustypesofdefect;andofrepairingdefects~
welding.

MATERIALS

Thespecimensusedforthisinvesti~tionweresand-castplata-~e
specimensofthegeneraldesignshowninfigure1. ‘Thereducedsections

.4 inchthickand,Ingeneral,7:wereabout4 incheswide,althougha few

wereonly~ incheswide. Mostof.thespechns weretestedwiththe8ur-
facesofthereducedsectionas-cast;thosethatweretestedwithmachfned
surfaceswerecastwitha reducedsectionabout~ inchthickandmachined

.

,

.

.

toa thichessof1 inch.
i

Thethicknessof the&ducedsectionswas
from0.010to0.05 inchlessat-+dmcenterthemat theen&. Fourteen
lotso&castingswereprepared.A briefdescriptionofeachlotisgivcm
in tableI.

.



Theanalysesofthedifferentlotswerewithinthe
for355slloy.Theselimits,togetherwiththenominal
asfollows:.

3

specifiedLLmits
composition,are

.

Element

Copper
Iron
Silicon
-Sium
Manganese
zinc
Ohromlum
Titsnium

Ivcminal
Composition
(percent)

1.3
---
5.0
●5---

---
-- -
---

Specificationlimits
(A.s.T.M.specificgtion
B26-46T,tiOy ~~)

(yercent)

1.00to1.50
.6maximum
4:?: 5i5

.
.1msximum
.1msximum
●2 maximum
.2msximum

Thetensilepropertiesofthevariouslots,as determinedfrom
1

standardseparatelycast~-inch-tiamtertestbars,aregivenintableII,
togetherwiththetnicalendqecificationvalues.Thetensileprope-rtL68
ingeneralweresatisfactory,althoughtheelongationoflotL-2258was
belowthespecifiedminimumvalueof2.0percent.(A.S.T.M.s~cification

, B26-46T,slloysc21-j federals~cificatfonQQ-A-601,C~SS 10;A=w-Naw
aeronauticalspecificationAN-A-40.)

.

Thefatiguetests
infigure2 whichwe~

TESTPROCEDURE

FatigueTests

werereadsinthestructuralfatiguemachinesshow
designedprimarilyfor&stinglargerivetedjoints

(reference1). Themachinesareso constructedthatthespecimmsmayle
sub~ectedtocyclesofdirectstressfromanyvalueintensionor compres-
siontomy othervalueintensibnor compressionwithinthelimitsof
theirloadcapacity(*40,000lb,whenusedwiththeadaptersshownin
fig*3) . Thespecimensinthisinvestigation,however,werestressedonly
fromzerotoa maximumstressintension.Thedesiredloadsareobtained
by properadjuslmmtof theeccentricat theendof theloadingbeams.
Theseloadlngbeamsactas second-classleversalternatelyapplyingand
releasingtheloadon thespecimenas thebeansareactuatedup anddown
by theeccentric.~ ordertomirdmizeanybendingstressesat theends
ofthereduceds“ectioninthespecimen,adapterswithplatefulcrumsas
showninfigure3wereused.



Theendfaceaofeach
centerlineof thereduced

NACATNNo.1.464

specimenweremachinedsothatthevertical
sectionof thespecimbn(edgeview)is

~ inchfromtheplaneoftheendfaces.~ orderb insureuniform

.

.

loading,thekeywaysof thespecimenweremachinedlarallelwithin
0.001inchin14 Inches,thesameas thekeysh themachine.Thespecl.
menwasfastenedtothetestingmachinebybeingboltedendkeyedin
placeina verticalpositionas showninfIgure3. Theouteredgesof
eachspecimenweremachined throughouttheirlengthin.~rdertoprovide
smoothedges.Inaddition,theedgesthroughoutthereducedeecticmwem
roundedslightlytominimizestressconcentrations.Thisroundingwaa
doneby rubbinglongitudinallywithemerycloth.SOB of thespecimens
hadthesurfacesof thereducedsectionnmchined.Theshapeof’the
reducedsectionandtheconditionof thesurfacesofeachspecinwnare
indicatedintablesII~toVI.

MostofthetestswerecontinuedtofailurebutILwerediscon--
tinuedbeforefailurebecausethenuniberof cycleshadreachedat least
3,000,000,whichwasconsideredsufficientinthisinvestigation.Subse-
quentlythespecimsnsfromthesetestsweretestedtofailureintension.

TensileTests

Thetensiletestswereconductiflina 300000-pound-capacityAmsler
universaltestingmachine,as showninfigure~. Theadapters,towhich
thespecimenswerekeyedandbolted,werebuiltsothattheaxisofloading
coincidedwiththeverticalcenterlineof thereducedsectionofthe
specimen.Thaadapterswereattachedtotheheadsof thetestingmachlm +
bymeansof tensionboltshavingsphericalseats.

StrainmeasurementssufficienttoobtaintheyieldstrengthwereEKMB
oneachspecimen,exceptthattwospecimnefailedbeforeanoffsetof
0.2percentwasreached.Themeasurementsofthe11.specimensprevi-
ouslysubJectedtofatiguestressesweremadeon6-inchgagelengthson
oppositeedgesofthespecimensbyusingdialindicatorshavingone&Lvieion
equalto0.001inoh.Themeasurementson thespecimennotitestedIn
fatigue(C-1205-H)weremadeby usinganSR-4strainindicator,tithsix
resistancewirestraingagescementedtothespecimenat thecentirofthe
gagelength.Threegageswereplacedoneachfaceof thespecimenacro~
thecenterline,withonegageateachedgeandthethirdat thecenter.

TheelongationofeachoftheXL specimensprevious=subjected–.
tofatiguestresseswasmeasuredover2-,4-,and6-inchgagelengthscm
threesetsofgagemarksplacedabout~ inchfromeachedgeandat the
centerofthewidthononefaceofeac~specimenat thereducedsectlan.
Thegagemarkswerespaced1 inchapart&CLcmglinesparaLlelto theaxis - -
of thespecinm.Noelongationmeaaurementaweremadeonthespecimen
notsubjectedtcrfatiguestresses(C-1205-H). .
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DISCUSSIONCIFRESULTS

FatigueTests

Theresultsof theintividuslfatiguetestsaregivenintablesIII
toVI audarePlot*d~ figures5(a)to5(g). TLYPicalexamplesof tie
varioustypesoffailureareshowninfigures6 to11.

The individualtestda- forthespecimenswithas-castsurfaces_
withoutintentionaldefectsaresunmarizedin tableIIIendareplottedin
figure5(a). Thesolidcurvehasbeendrawnthroughtheyointsrepre-
sentingspecimensfromlotL-2246endisin goodagreemmt@th theresults
oftestsof theothertwolots,L-2238endC-175.As a basisforcong@ri-
scn,thiscurveisalsoshowninfigures5(b)b 5(g). Thefatigue
strengthat 25,000,000cycleswas6900psi. Thisisabout20percentof

1 inch-ti~tertestbarsfromthetensilestrengthdeterminedfrom~-
lotL-2246. Forcomparison,thecurveobtainedinsimilsrdirect-stress
fatiguetestsof snailpolishedspecimensof thesanesll.oyisalsoshorn
infigure5(a).As mightbe e~ected,thefatiguecurveforthelarge
specimenswithas-castsurfacesisconsiderablybelowthecurveforthe
polishedspecimms.

Theeffectsof surfacetreatments,suchas grit-blastingandshot-
blasting,areshowninfigure5(b).Thecurvesindicateratherdefiniteti
that,at stressesbelow10,000psi,bothgrit-blastingendshot-blasting
improvethefatiguestrengthccmsiderably.Thefatiguestrengthsof the
grit-blastedsndshot-blastedspecimenseachwereabout9300psiat
25,000,000cyclesoran increaseofabout35percentoverthatof speci-
mms havingas-castsurfaces.Onetestofa sand-blastedspecimenwasmade
andtheresultsof italsoareshowninfigure5(b). Theresultsof thti
testindicatethattheeffectof send-blas%gia aboutthesam as thatof
~it- andshot-blasting.

9

Thedataforspecimenscontainingtwodegreesofporosity,about
0.8smd2.4percent,respectively,areshownin tableV. A porosityof
0.8percentrepresentsaboutthemsximumcommrcialquality,anda porosity
of 2.4percentre~resentstheminimumquality.Thereweretwogroupsof
castingswitheachdegreeofporosity,onetestedwithas-castsurfaces
sndonetithmachinedsurfaces.Theresultsof thetestsof thespecimns
withas-castsurfacesareplottedinfigure5(c)andindicateno definib
differenm in fatiguestrength.Theresultsforthespecimmswithmachined
surfacesareplottedinfi- 5(d)=d ~ticati~ge ~fere~ces●

Althoughthespec-ns withthesmallerdegreeofPorosityhadaboutthe
sam fatiguestrengthas thatof specimenswithas-castsurfacesandno
intentionaldefects,thosewithtielsxgerdegreeoflorosityhadconsider-
ablylower.fatiguestrength.Themachiningprobablymadeanynotcheffect
oftheporesmoreharmful,forthemetalremovedfromthesurfaceduring
machiningwouldbe lessporousthenthatat thecenter.
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Theresultsoftestsmadetostudytheeffectsof certaincasting
defectsuponfatigueresistanceareshowninfigure5(e). Includedalso
aretheresultsof’testsofspecimenswithdefectsrepairedbywelding.
In threeteststhespecimenscontainedsandholes,1 inchindi=~r

z
and~ inchdeep,thesand.holebeingat theedgein twospecimensendat
thecenterof theotherwe. Thesethreetestsindicatethatsanciholes
sffectthefatiguestrengthof thecastingeandaremoreharmfulwhenat
theedgeofthe&st sectionthanwhenat themiddle.Onetestwasmade
inwhicha sand~oleattheedgeof thespecimsnhadbeenrepairedby
welding9Theresultsindicatethefatiguestrengthtobe aboutthesam
as thatofspecinmns

$.
ree fromdefe.cts.Sixtestsweremadeon specimen3

havinga weldabout13 incheslongandL _tichwide@ thee&e of the
testsection,andseventestsweremadeonspecimenstitha wel&about
~ inchesindiamt.,erat thecenterof thesection.Thesespecimmswem
h~at-treatedafterwelding,md whencheckedradiographicaKLythewelds

—.

werefoundtobe sound.Althoughtherewassom scatter,thetest~esults
indicatethatitispossiblebyweldingtorestonthefatigueresistamm
ofcastingscontainingdefects.This,however,wasnotiaccomplishedin
everycase.Theimprovementresultingfromweldingwouldbe expectedto
be dependentuyonthesizeandcharacterof thedef%ct-andthequalitya?
theweld. In 9 oftheX2weldedspecimensthatfailed,thefailures
occurredthroughtheweldorat theedgeoftheweld.

Theresultmof testsof’fourspecimenswithseveraltypesof dross
inclusionareshowninfigure5(f). In twoofthespecimensthedross
wasinmassiveform,-d in theothertwoitwaspresentintheformofa
film. In thespecimenscontainingdrossinmassiveform,thedrosswasat
theedgeof onespecimenandin thecenterof theother.In thespeci~s
containingdrossinthefom ofa film,thefilmextendedtransverselyat
thecenterof onespecimenandlongitudinallyatthecenterof theother.
Allfourtestsweremadeat thesamestress,9000psi. Theyindicab-that
drossinclusionsat theedgeofa specimenaremoreharmfulthanthoseek
thecenter.Mao, drossfilmsinthetransversedirectionaremoreham
fulthenthosein thelongitudinaldirection.Thedl’OSS iIIChSiOKl in
mm siveformat thecenterof thespecimenandtheribbon-shapeddross
locatedlongitudinallyin thecenterof thereducedsectionhadpractically
no effecton theendursmceproperties.Thefailuresin thespecimensccn-
tainingthesetwoty_pes.of’inclusiondidnot occurat thedefect-butat
theendof thereducedsection.Thefailuresoftheothertwos~cimns
occurredthrou@thedefects.

Fivespecimenswerecastwithmetalinsertsatithecenterofthe
reducedsectiontosimulatedefect~.Theinsertsconsistedofaluminum

strips~ inchthick,3 inchlong,an~havinga widthequaltothethick
16 x

nessof thespecimen.In oneof thespecinmnstheplaneof‘thestripwas

.—

.-
.

—
.

—

4
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.
. inthelongitudinalcenterlinenormslto thesurfacesof thespecimen;

intheotherfourspecinwns,thestripslayina trmsversePke. The
effectsoftheseintentionaldefectsareshowninfigure5(g).When
thestripsextendedtransversely,theharmfuleffectsappearedgreater
athigherstressesbutwerequitesmallwhenthefatiguelifewasmore
than1,000,000cycles.Allhutoneof thespecimnswithtransverse
defectsfailedthroughthedefect.Whenorientedlongitudinallythe
defecthadlittleorno harmfuleffecton thefatiguelife. Thefail-
uredidnotoccurat theintentionaldefecthutat thsenlof the
reducedsectim.

Theresults

TensileTests

of thetensiletestsaresummerizedintableVIIand
areshowngraphicallyinfigure12. In thisfigure,theresultsof
thetestsoftheseparatelycasttestlarsareshownforcomparison.

Thebrokenpl.ate-t~especimms=e showninthephotogmphsof
fl~res13 and14. Nineofthespecimensfailedat thecenterof the
reducedsection;of thethreethatdidnot,atleast twohadcasting
defectswhichwereresponsibleforthelocationofthefractures.

The tensileandyieldstrengthsof theplate-t~ specinwnthathad
notbeentestedinfatigue(C-1205-H)werewithin3 percentofthevaluee
determinedfortheseparatelycasttestbars. Thevaluesagreewellwith
thetypicalpropertiesfor355-T6alloy.

Thetensilepropertiesoftheplats-tnespecimenswithas-castsur-, facesandwithoutintentionaldefects(L-2246-8andR-9526-7)tiathad
beenpreviouslytestedinfatiguewereaboutthessmeas thosedetermined
forthespecinmnthathadnotbeensubjectedtofatiguestresses.The. tensilepropertiesalsoagreecloselywiththoseof thecorresponding
separatelycasttestbars. Thesetestsindicatethatthefatiguestresdng
wasnotdetrimentaltothestaticpropertiesof thepl.ate-tmespecimns.

Thetwogrit-blasted,@ats-t~e specimens(L-2246-4endL-2246-12)
hadaboutthesam tensilepropertiesas theplak-~ne specimenswitias-
castsurfaces.Thisindicatesthatgrit-blastinghaslittleifanyeffect
on thetensileproperties.

Oneplate-typespecimenwithshot-blastedsurfaces(L-2257-13) hada
tensIlestrengthabout9 percentlowerthenthecorrespondingseparately
casttestbarsbutitwasstillWU abovetheminimumspecificatimvalue
for355-6 a120y.Theyieldstrengthwassllghtlyhigherthenthoseof
thetestbus. Theothershot-blastedspecimenfailedthrougha defect
beforesufficientdeformationwasobtainedto determinetheyieldstrength.
Thepropertiesof thisspecinwnwerenotincludedin theaveraesshown
intableVZI.

.
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Thetensilepropertiesofthespeofmmwf.th2.4.peroentporosity
(R-9524-6)wereabout10peroentlowerthanthosedeterndnedforthe
soundspecimens.Thespecfmenfailedthrougha defectnearoneendof
thereduoedsection,whiohwasprobablyresponsibleforpartofthe
decreaseinproperties.

me tensikstrengthofoneof thespecimenswith1.65-percent
porosity(R-9525-5)wasabout5 percentlower,sndtheelongatfcmabout
one-thirdless,thanthevsluesforthesoundspecimns,buttherewas
no differenceinyieldstrength.Theotherspecimenfromthislot
(R-9525-7)failedthrougha defect;thereforeItspropertiesarenot
includedintheavera@valuesin tableVIZ.

The testsofthetwos~ecimens,eaohcontaininga weldat the
oenterof thereduoedsection,Indicatedthat-theweldloweredtheten-
silestrengthabout4 peroentbutdidnotsffeottheyieldstrength.
E&ohof thesespecimensfaile~throughthecenteroftheweld.

Comparisonoftheresultsobt.shedfrm thetestsof.theplate.t~
speclmnswiththoseobtainedfrcmtestsof thecorrespondingseparately
easttestbarsshowsthatthetensilestrengthsagreetithinabout3 per-
oentwhenthespecimenswithshot-blastedsurfacesandthoseccmtainlng
weldsordefectsarenotconsidered.Theyieldstrengthsof theplate-
type spe cimnswere
easttestbars,and

The resultsof
specimenssubJected

@neraILyslightlyhigherthanthoseoftheseparatdy
h oneeasethedifferencewasasmmh as 20percenk

CONCi2JSIONS

the fatiguetestsof355-T6sand-castplate.t~
todireotstressfromzerotoa maximumvalue in

.

tensionandthesubsequenttensiletestsof thosespeckns thatdldnot
failinfatigueJustifythefollowinggeneralconclusicms:

1.ThecompositionsandtensilepropertiesQfthecastingsoomplled
ingeneralwiththerequirementsofA.S.T.M.andgovernmentspecif’icatiuns.

2.Thefattguestrengthof thenormallysoundcastingstithas-cast
surfaceswag6900psi,basedon ~,000,000cyclesofstress.Thisvalue
1sabout70percentof thefatiguestrengthdeterminedby usingsmeLl
polishedroundspecimenstestedindirectstress.

3.Surfacetreatments,suchas shot-blastingor grit.blastlng,
Increasedthefatiguestrengthsat 25,000,000cyclesabout35percent.

4. Theamountof.porosityintherangefrom0.8to2.4percenthad .
no effectonfatiguestrengthofcastingstestedwiththesurfacesas-
cast.Whenthesurfacesweremachined,thecasttigswiththelarger
amountofporosityhadscmewhatlowerfatlguestrength,theUfferenceat ‘
25,000,000cyclesbeingabout15percent.
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.

5. Sandholes;inchh di,mterwd ~
8
tichdeepdecreasedthefatigue

strength snd weremo”rehsrmfulwhenlocatadat theedgethsnwhenlocated
nearthecenterofthesyecimm.

6.The fatigueresistanceof castingshavingdefectsmaybe improved
or completelyrestoredby weldingandreheattreating.Theamountof
hprovementdependsonthesizeandcharacterofthedefectsandthequ&
ityofthewelds.

7. nrOSS inclusions, whenpresenteither~ massi~formorrl~~-
shaped,mayhavea hemfuleffectUPOnfatiguestrength.Theyweremom
hsxmfulwhenat theedgeof thespecimenthanwhenat thecenter.Ribbm-”
shapeddrossinclusionswereharnf%lwhentheyextendedinthetramsver=
directionbuthadno effectwhenparellelto thedirectiaofloading.

8. htentionaldefects,representedby ~m~ striPs~sertedon
edgeinthemoldsbeforecasting,whenorientedtransverselyloweredthe
fatiguestrengthslightlybutwhenorientedlongitudinallyhadlittleor
no harmfuleffect.

9. The tensilepropertiesof thespecimenspreviouslysubjectedto
fatigaestressingwithout failurehadnotbeenh~d by thefatigue
stressing.

10.Thetensilestren@.smd elongaticmsoftheplate-t- specimem
withas-castsurfaces,inclutignot@ theso~d cast~m but~SO
thosetithdifferentdegreesofporosity,agreedclose=~th theProPe~~s
oftheseparatelycasttestbars. Theyieldstrengthsof theplate-type
specimam genezallyweresL@htlyhigher.

11.Grit-blastingthesurfacesof theplate-typespeclnwnshadno --
fuleffecton thetensileproperties.

12.Shot-blastingloweredthetensilestrengthabout9 percentbut
ticreasedtheyieldstrengthslightly.

13.Thespecimenscontainingweldshadtensilestrengthsabout
4 ~rcentlessthanthesoundspec-ns withoutwelds.

AluminumResearchLaboratories
AluminumCompenyofAmerica

NewKensington,Pa., July3, 1947 J

. .
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TABISI

DmcK12TIoN(mvARIms Im3 OFshND-cAsTmMnMms
OF355.6mY

Id nunfber ~olnkm nunibar Deeoriptfon

L-=6 4 Casttithdrossh ms.siveforminoanterofreduoedseotion
L-=6 5 Castwithdrossinmassiveformatedgaof slec.imn

(dram dl& notweldinoasting)
L-2216 6 9andhole+ lmh indiametermd

i!
Inohdeepatedgeofspeoimm

L-2216 7 Sandhole1 ~oh ~ ~mter and~ imh deepatoentarOfreducedSeO~= -
T

L-Z?16 8 Casttithribbon-shapeddross~ inohlcq settranmareelyh middleCU
speoimm

‘L&Z216 9 Castwltiribbnn-shq$edd.rom$ inohlmg act,l.cngltudiwinmiddleof
apeoimn

L-2216 U Caetwithosidlzedelumimumstrip~ inohlaw setlmgitidi~y ~ ~-

Ofsmohmn;ple.lleofBttipnormaltoSurfaoa

L-2238 6,T,8 SoundcastingsWIthnoIntentional&fcots

L-2246 1,2,3,6,8,10 SoundOaZit~ with8a-OaStsllrfaoe;@nelalfk PO~8ity(probam1.0to
1.5~rcent;gmd ocmmrolalOaaticg.s)

L-2246 4,5,9,~,l’2 Grit-blastedsurfaces(granularstaelgrit,M% no.51;102psiPressure;
&by 3-inohnozzla8b 12*hesr= stiaoe)

L-2246 14 Lar@samlholeatedgeUPapaoimnwhiohwaazupaimdby welding
L-22k6 15 Largesandholeatedgeofspeolmsn

L-2257 2J3>4)9,13 Shot-bias’%dsurfaws(no.17steelshot;~ lnohindi.emter, 80 PB1

preseure;~-by3-@ohnozzle12ta16ti%hesfromqurPaoa)
L-2257 5,G,8,~ Caattitha thineluminumstrip# Inohlongsettranaverm~atmiddleof

speolmen

L-2258 1P Sand-blastedsurface(AFAno.kO,silicasand;93psipressure)

R-g52k 1t08 Heavilyragaamdtitha gram of~Cl beforepouring;-ocmtainedoamid-
erablefineporoslw;2.4wroentvoide .

R-9525 5,7 Slighw re~ssedwithk sremsof~Cl beforepouring;ocatalnsdmm fim
poroelty;1.65percentYoide

R-9526 3t08 Notregaesed;oontalnedveryslightpawsity;0.8peroentvoide

R-9773 1.tQ6 Ccatal.nedabout0.7percentvolda

R-9774 1t06 Ccmtalnedabout2.k peroentvoide

C-175 . 3,~ Soundoastimgsocmtainlmgno lntentlcnaldefeots

c-183 1ta6 Weldatedgeoftestsectionabout1$incheslong,~ &oh wide;hoatkatad
afterweldlng

C-185 2ti8 Weldatcenteroftest❑eotionabout1$inchesindlamtar;heat-txeatad

c-l= H SO&%sfifi’%th noinkmthialdefeote(ueedonlyfntenslcmtest)



!CABU11

ICmmSm!m?Slm l“ImSoF6EARATRm cAsrTmrw!RSmmEmmEO

VARIOUSmm cm355.T6ALLOY#Um-CAsT 3?ATImJESmxCMmm

Tensile
Id numbr

Yield Etren@h ELmLgation
atren@h (offm~(:::lperoent)
(pEli)

ln2 in.
(percent)

TypicslTaluJ 35,000 25,000 2,5

~cifled mldmlunv’alues2 32,030 ------ 2

L-=6 37,000 27,300 3.5

L-2238 38,303 33,h@ 4.1

L-2246 34,9ml 29,3al 3.5

L-2257 36,zm 28,C50 2.3

L-2258 33,m 2a,m 1.3

&%24 33,ti 25,&n 2.4

R-9525 34,13 25,775 2.6

R-97& 34,500 .26,6+ 2.4

R-m a R-9774 W,tinotaTailahle

c-177,c-183,ma cl@ 36,- 30,300 2.1

c-w 36,m0 a?,3@3 3.0
.
‘Reference2.
2A.S.T.M. specificationI&-k&, alloySC21.;fedeml a~ciflmtim QQ-A.601,olaselCIETl$

Amw-lfavyaercmautical6peciflcaticmAR-A-40.
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TABLE111

RESUUTSOFFATIRllITE3TSOFSOUNDSPWCMT!NSU13!EOUTIRTEHTIONALDEFECTS

StreBarange

‘ecw)nmber‘am ‘inish (-p;;) Cycles Imationoffailure

L-2246-1 As-o’at oto14,860lh2,100Nearedgeoffillet
L-2246-2 Aa-(xwt Oto 9)6001,42s,900Edgeoffimt
L-2246-3 As-oat o to 7,4009,350,900UP $ fi~et
L-2246-6 As-east o tO 12,310932,700Centerofreducedeectism
L-2246-8 As-east o to 6,32099,779,eOoNofailure
L-2246-1o As-east o to 8,5801,959,000Nearoenterofreduoedsection

L-2238-6 As-east Oto 9,050 3,527}100Q@ off%ll”t
L-2238-7 As-east CItO12,130592,&Ml Ed@ Offll.let
L-2238.8 As-east o to14,910 4L8,600Edgeoffillet

C-175-3 As-east oto10,40081.7,~0Centerofred.uoedsection
C-175-4 As.east oto 7,9702,922,800Nearcenterofredwedseotion

1Reducedsection7+inchestide.

%rom zerotoa maximumvalueintension.



TA.BLEIv

REwLmoFFmm—mm~ Kl?I’HDIXFERII!’ISURFACE FINISHES

Spectin number -am ~meh ‘tiBB -
(1) (~a) cycles Location of failure

L.z46-4 Grit-blaatedo to 8,360~,lo5,600Nofailure
L- 6-5
%

Grit-bl.aatad 0 to 14,050 3$7,600 Near edge of fillet
L-22 -9 Grit -blaatad O to 10,6IO 1,223,700Near oenter of mihcmd mct%on
L-2246-U Grit.blastedo to 9,39018,080,600Nearcentmofreducedmeotion
L-2246-12 Grit-bl.astml o h 7,310q>170,2QoNO fdlm

L-22j7.2 Shot-blastedo lxl14,9@ 68,700Edgeoffillet
L-2~7-3 Shot-blasted o td 12,4m 262,600lmgeoffillet
L-2257.4 Shot-blastedO to 8,46025,’&U,700Nofailure
L-2257-9 Shot-blastedu ~ 9,950 1,041,Xlo Hearcantarofreduced aectlm
L-2~7-Uj Shot-blaated o to 9,220 25,570,500Nofailure

~2q8-15 &md-bla8te/lo to10,050 1,821,000Edgeoffi~et

%educed .9ectim ~ inches tide.
?From zero to a mxlmlnu value in tinaiou.

. .



TABIie V

~ QF FATIGOE TM’El OF WDEIMEHSWITR D13TERWT SUBIACE

HNISHEIAltDDIFFERMTAMCKl?FIBOFPORtBITY

Specimen 2urfwe Voldi+ Streemlunge

number finish (perCant) (f:;) Cyclml IOcatica of failure

R-9526-3 Aa-c.9et 0.8 0 to12,4m 295,’7~ Hearcenter~ reducedsectlou
R-9526A Aa-.cast o to 7’,460 2,143,1~ Centerofreducedsectfm
R-9526-5 A9-cmt :! o to 9,880 l,~~,oco
R-95X26

E@ offll.let
Ae-caat .8 0 to 8,950 1,184,000 Rearcanterofreducedeect~m

R-93ti-7 Aa-caat .8 0 to 3,930 104,302,300 Hofailure
R-9526-8 AE-ca9t .8 0 to14,970 218,500 Rearcenterd redumdsecticm

R-9524-1 As-caet 2.4 0 h l’j,ooo 195,7ca El@ offjllat
R-952h-2 Aa-caat 2.4 0 to12,460 328,&xl ~eercenterofredueedsection
R-9524-3 Aa-caet 2.4 0 to1o,ooo 536,@3 Centiofre~cedeeatlon
R-9524-4 Aa-mst 2.4 0 to 7,4&l 5,124,W Rem muterafreducedEecticm
R-95&-5 Aa-caat 2.4 0 to 8,930 &?ntirofrednmd.metlen
R-$@L6 Aa-c&lt 2.4 0 to 6,020

;::;;;:
No fdlure

R-9524-7 Aa-oaat 2.4 0 to lo,m 7ffi,o(xl Hear oentm of reduced seotion
R-$@+-8 AEi-caali 2.4 0 to 6,440 8,5~,300 M@ of fillet

R-9773.1 M?mhined .7 0 ta 14,870 58,100 - orfillet
aR-fl~-2 kchtid .7 0 h 9,52U I,8@,7co Edgeoffillet
R-9773-3 Machined .7 0 Im 8,0w 6,133,4m E& of fillet

%-m -4 ~c~ed
%-9773-5

.7 0 k lz!>$o 619,6ca i4earcentarofmduoed aectim
Machined .7 0 to 9,020 4,2@,lm Ed@ offillet

R-977-3-6 l&&lne& .7 0 b 7)930 1,038,= Rearcentarofreduced aeotim

aR-977b-l Mmhlned 2.4 0 tO 8,8&3 601,4m I@ of fillet
%~4.2 l&hlned 2.4 0 tm 6,460 2,055,MxI E@ of fillet

Mlclmled
%%;:8

2.4 0 to 14)6@ 193,6CX3 Edge of fillet
Machined 2.4 0 to 6,963

R-9774-5
9,5q,2m R@ offillet

lkctid 2.4 0 to12,470 2@,9W Ed@ offillet
R-~4-6 lk~ned 2.4 0 to 6,030 19,245,5cx) Oenterofreducedeaction

1 .
“Redutiaflection~ incheBtide;inallOthertata,~ incke wide.

km zero to a marimumvalue in tension.
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RHumwmlm3m!’JmmoF mEINEmccmKmIm InTmTIcmLnRE’m

Spmimm s&esa mxlga

numb r 14scriptlm or intsnti’=bal!lefeot I (pni) Cyclm Lomtim of

(1) (Q) failwe

L+?21.6-4 IEmmh mntm d spachn o t-a 8,930
L-ZZL6+

1,366,600 Ed@ offilht
Dmae at eQ3 of npvcimn O b 8)503

k2J.6.6
456,230 Thin@ dmL18

Eandholoat ed@Y of @00ii7s~

i2m.6-

0 to 9>0% 241,4XI !Ihmm@mnd hole

i
Smd hole at omter of epeoimn

L2216-
0 h 9,040 l>m,lal )mgO or fiuet

Tmmmme droesfti at centar o to 9+3
L22M-9

302,300 llwm@ dmasfilm
Imgitwiinal dmanfilm atmntar

L2216-u
O to 8,9w 3,73-o,7~ Ed@ or fm.et

kmgipdlnnlmidi.a Laminumatip at cemtm o b 8,940 5,658,7Lw Ed@ or filht

L-2f!46.lk 2e.r@Ma at edao rezmimd by WM.IW o ‘m 9,3J.O 1,6f37,mo TbmugbWJ.d
L-2246-15 &mdhciLe.ate&3a o m 8,970 610,@J ~~~

L-2257+ Trmmume ahmlmm atxlp8$ nmbw
‘r “m

otol~, o Throughalunlmn h’ip
L-2257-6 Tlmlsr0m9dd.mm drip atmntir o tc 12,30
L~-8

177,CXX Thin@ almlmm ,trip
Trmmeme aludmm etrlpatamt9r

l-e-u
o p 10,CW 638,8X Thlw.@allmlh+m@trip

TrmaYermahmimm etripatrenter ((ta 8,210 3,99~,mo Throughaluninumstrip

C-1.qj.l Weld1* inqhmlmg by~ ti~ ti~ at Od@} @ WM o h 1>,230 176,k.cm km canterof mdumd
Llrmticm

C-l&-E! Mild11 Incks lmg br ~ tih tideat ed@J @al weld

f

o to 9,E30 1,0?9,4CQ ~ -~

C-183.3 Meld1 III*Olmg by3 hmh tib atedge;@ VEM

f
T

o ‘h -l)wo @5,boo ‘mm@ wld

c-183,4 ~ld ~ mchm Iw by~ M wideatem; rairweld a ti 7.,16Cl

1

98, 7,50) Ed@ of tuld

C+!+ Vel+w. m+ M tideat@d@;goodweld a w 7,wI 2,619,ml * Orm~

c-1B3-6 Wddl~imhmlmg4~tihuldo ateO@; goodwld a

r

7,970 19,hu,w Ed@ & ril.lat
4

c-l~L2 VDld+ lncbs in di~t5r a~ mntir; gcplWM q*: U@20 17%$+ Thrm@ wld

C-185-3 Welu 1$ inohesin dlamter at cmtar; fairmld o to 9,7ko 1,054,500 m at veld

C-185-4 Volt ~ kmtkamin dia3ter at ombr; gocdweld ~ b 7,933 .7W,3W, ~ ~~

c-1~-> Weldl? tioheaIn dl-ter at cantor;gml wald O b 6,910 661,W2 Em.rcentarof rudumd
mction

c-1%-6 Wdd 1: imhm in Maimter at renter;gwd mti o p S,m hh,568,7ca HO rafl=

C-1*-7 kbldI* tichm in *tar at *r; fairvald o p 7’,454 5.6,167,4ca ROrdw3

C-185-6 Udd 1: Imhem in tliawwrat mn+aq gad W1.d o to 7,sAo 1,036,230 Eifp.arwld

1 ,
%rfam# aa.cmat.TMmud aootim$ JmaJMnvido.

%mumtzlammmm mluo intamim.
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RmoIm w !mBlsx Tmm m 355-16 AIUJYE!Alco.cm, PIATE-19PEmDxlmlH

PRwl!m2LY8uBJKwmTO?A!DG3RH!R==R3

Prior fatigueStxesdng TOnEllnrmqmtleu

Id nmder Spe01n9n num?mr nwlripticm Rtremrfmf$e c@OB TmOilm Yiel&h%ngtb
(~:~)

EM!n&lcm (mxmt) h -
m%; (Offmtl:::wosnt) -

21n. bti. 6 in.

SP8aimn not mb~ Ot.d to ratigu e Strmsm

c-m H Samd Ountlng; n9-o@at Em ----------- 35,’’333 9,W --- .-. . . .
BurfaceE

meoimm pmviouEI.Ywb$actatlto fati~e EtresKIs

L-2246 8 SmmdCawung; aa-cmt o ti 63za $B,’m,m 35,1~ 30,1R0 3.0 2.1 1.7
Eurraaea

L-2246 4 Grit-b.leatdsurfaces o ‘co E@ 25,1m,6cnI
12

3b,!ao W,500
otO’7310 E9,170,2W ; g g

Av. %% w ‘2

L-m “k Shot-bl.aattdmrfncm o to LMI ‘a,w,7@J %7,J+OU (c) %7 %0 b .7
13 ot09220 ?5,570,500

~,. & w s $ %
R-@ 7 0.8-pOrc-mtYolda;aa-naut o to 5930 1CJJ,302,3!M 34,6Q0 31,601

OurPaL?OO
2.’7 1.6 l.k

R-~~ 5 1.65-pementvoidn~es-omt ot050x 2L,778,F!cu
‘1 Eurfams o~!wo +Jo,@+,7’cO #’ro

+?mAv. 3 ,
x . . b= b% b;

FI-9524 6 2.k-mromt TOME; a8-wat otJa@M 5=5,Jw,7@3 ‘%0,700 28,4-W %.5 %.4 ‘%.0
SUrfacae

c.1~ 6 Weld at O=tirj UE-CUSt otap~ %568,702
7

32,wI
Lnlxfmes o b 7472 !36,167,boo

AT. #j=
$j.$& ~ y :

Tram zeroto a mrhm
hbtal defect in apoim~d~de%i%~.
c>oimm failedbefore0.2-pwoentaffaetvanobthimd.
%11.adthrm@ dsfeot.
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Figure2.-Generalviewoffatiguemichinesfortestingstructuralunits.
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Figurek.- Tensiletestof sand-cast,plate-typespecimen.
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Figure 5(a) .- Direct-stiesa fatigue curve for 355-T6Emil-eastspechmb. RatioofDIInlmmBtreSS
to madmnn atrefm eqwh zero.
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FIROIW 5(b).- Direct-sliressfatigue curves for 355+6sand.-oastspecm. Ratio of minjmum stiess
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t.a In5dmumstress equals zero.
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Figure 5(c).-Direct-stiamfati.gmcmea for355-T6ti-~t spechmi, mtj~o of ~ stiress

Im maximum stress equals zero.
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tom@JIIUM stress equals zero.
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Figure6.- failuresof twosoundsyecimenswithout
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Figure8.-Fatigue failure of weldedspecimenat edge of weld.
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Figure9.- Fatigue failureofweldedspecimenbetweenweldagdedgeof
reducedsection.Notetransversecrackinweld.
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Fi~e 10.- Fatigue”failure of welded specimennear endof reducedsection”.
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(b)Defect:aluminumstrip
castin center,
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Fatiguefailuresof specimenstithintentionaldefects
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Figure U. - Results of tenalle tests of teat bem and.plate-@pe specimma of 355-T6 eJQv.
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Figure13.- Tensilefailureof specimennotpreviouslysubjectedto
fatiguestressing.
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Figure 14. - l%nalle fall-urea of spechem previously subJected to fatigue stresshg.


